The importance of motivation in learning has been widely recognized. It is believed that motivation provides the primary impetus to initiate learning and later the driving force to sustain the learning (e.g. Guilloteaux & Dörnyei, 2008; Wang, 2008) . Some further claimed that motivation is central to student learning (e.g. Mankin, Boone, Flores, & Willyard, 2004) . It is believed that motivation is among the most powerful determinants of students' success or failure in school (e.g. Ryan & Connell, 1989; Sternberg & Wagner, 1994) . Means, Jonassen & Dwyer (1997) cited studies showing that motivation accounted for 16% to 38% of the variations in overall student achievement. Consistently, in mathematics education, motivation has also been regarded as one of the most important issues (Walker & Guzdial, 1999) . Hannula (2006) further highlighted that in order to understand students' various behaviors in mathematics classrooms, including those unexpected, it was important to increase our understanding of what motivation was and how it was regulated.
Nevertheless, it appears difficult to synthesize research findings on motivation across studies due to the inconsistency in the ways in which motivation has been defined and measured (e.g. Early, 2006; Harlen & Deakin, 2002) . For instance, a study by Kleinginna & Kleinginna (1981) found a total of 102 statements defining or criticizing the concept of motivation from a variety of sources, and these statements were further classified into nine categories based on the phenomena or theoretical issues emphasized with a tenth category containing the skeptical statements. The inconsistency on the definition of motivation, as suggested by Holden (1990) , is related to its unobservable nature. In particular, one's motivation can be judged only through one's behavior and surroundings in which one is active. In psychology, according to Geen (1995) , motivation addresses the initiation, intensity, and persistence of human behavior; in other words, motivation could be viewed as the power that helps a person initiate a persistent behavior with a certain degree of intensity in order to achieve a long-term goal (also see Li, Davis & Lomax, 2008) . Similarly, Franken (1994) suggested three dimensions of human behavior to exemplify the notion of motivation, which are arousal, direction, and persistence. There are also researchers who proposed other components in behavior related to motivation, such as continuity (Hebb, 1955) , energization (Deci & Ryan, 1985) , and performance (Simms, 1998) .
To elaborate the complex nature of motivation, a vast number of motivational theories have been developed since motivation began to be studied as a discipline separate from learning in the 1930s. Early motivation researchers primarily focused on the factors which stimulated behavior. Many theories at that time were established based on the idea of homeostatic balance. Clark Hull's drive reduction theory was one of such theories, which interprets motivation as the desire to reduce drives to a state of neutrality (Model, 2005) . With the emergence of cognitive science in the 1950s, motivation researchers shifted their interests to the direction of behavior (Ngaosuvan, 2004) . One important cognitive motivation theory is Victor Vroom's expectancy-value theory that views motivation as a product of the perceived probability of success and the value of that success (Demmrich, 2005) . From the 1970s, voluntarism which heavily emphasizes on the self has started to dominate motivational research. Deci and Ryan's self-determination theory is such a representative and influential one developed in this context. The theory begins with the assumption that people are active organisms with inborn tendencies toward psychological growth and development. It suggests that humans have three innate needs: competence, autonomy, and relatedness.
Regarding the history of motivational studies, Weiner (1990) commented that the field has demonstrated great vigor and movement, while there were still many uncharted areas in front of motivational researchers.
It is clear that no single theory or model can account for all aspects of human motivation. However, each of the major approaches makes contributions to our understanding of motivation. Compared to the variety of motivational theories, it seems that researchers have more consensuses on the classification of motivation types. There are in essence two types of motivation, namely intrinsic motivation and extrinsic motivation. The former refers to motivation that comes from inside an individual, while the source for the latter comes from others. Vallerand, Pelletier, Blais, Briere, Senecal & Vallieres (1992) further differentiated intrinsic motivation into three more specific types, that is, to know (i.e. one engages in an activity for the pleasure that one experiences while learning or trying to something new), to accomplish things (i.e. one engages in an activity for the satisfaction that is derived from achieving or creating something), and to experience stimulation (i.e. one engages in an activity for the stimulating sensations one receives from participating). In terms of sources of intrinsic motivation, Lindenberg (2001 Lindenberg ( , 2003 introduced distinction between enjoyment-based "hedonic" and obligation/community-based "normative" intrinsic motivation. According to Lindenberg (2001) , the former is about achieving physical and social wellbeing and allowing improvement in one's condition, while the latter is about the wish to act appropriately in certain contexts that is acquired through socialization. Similarly, extrinsic motivation can also be further classified. For instance, Deci & Ryan (1985) suggested four different types of extrinsic motivation ordered along a continuum of autonomy, namely external, introjected, identified, and integrated regulation. In particular, external regulation refers to behaviors controlled by external rewards or constraints; introjected regulation refers to behaviors out of avoiding pressure, guilty, or obtaining self-esteem; identified regulation refers to behaviors that are judged important and perceived as chosen by the individual; and integrated regulation refers to behaviors that correspond to the sense of self.
Many believed that learning behavior is a product of either intrinsic or extrinsic motivation (Hayamizu, 2002) . However, regarding the effects of the two types of motivations on learning and their interaction, heated debates have been going on since these motivational terms started to be used. It is typically deemed that intrinsic motivation tends to be deeper and more powerful than the extrinsic one and its corresponding effect also tends to last longer. The argument about the superiority of intrinsic motivation usually relates to its nature, that is, it originates from within the individual and is independent of external influences. In contrast, researchers viewed the temporariness as one serious drawback of extrinsic motivation, that is to say, such motivation would disappear as soon as the reward or punishment was withdrew. In his book Published by Rewards, Kohn (1993) listed another two important drawbacks of extrinsic motivation, which were getting diminishing returns (i.e. the motivation would slowly drop off if the reward or punishment maintains at the same levels) and hurting intrinsic motivation (i.e. the reward or punishment would remove people's innate desire to do things on their own).
As regards the undermining effect of extrinsic motivation, Ryan & Deci (1999) interpreted it in terms of the reward shifting people from internal to external perceived locus of causality. Similarly, Amabile (1983) argued that extrinsic motives could cause people to divide their attention between extrinsic goals and the task at hand (also see Sternberg, 1999) . Some further suggested that the existence of extrinsic motivation is detrimental toward other aspects of learning, such as creativity (e.g. Amabile, Schatzel, Moneta & Kramer, 2004; Deci & Ryan, 1985) . Consequently, educators have been suggested to use effective strategies to enhance students' intrinsic motivation while avoiding the use of extrinsic motivation in school as much as possible (Tang, 2008) .
However, there are some researchers suggesting that intrinsic and extrinsic motivations may not necessarily be polar opposites (e.g. Lepper, Corpus & Lyengar, 2005) . For instance, in Bateman & Crant's (2003) study with more than 800 undergraduate alumni from a large private university, extrinsic rewards and values often demonstrated significant positive main effects, rather than undermining effects, on intrinsic outcomes, particularly when intrinsic needs were low (also see Brophy, 2004) . A similar statement has been made by Cameron (2001) that extrinsic motivation could be helpful when intrinsic motivation is low. In particular, she argued that people often do things which are not intrinsically motivated so that they may simply lose interest in doing them without external rewards.
The above antagonistic opinions indicate that the interaction between the two types of motivations is a complex process which could be affected by many relevant factors. In fact, researchers found that different types of extrinsic rewards could play different roles on intrinsic motivation. In particular, while expected, tangible, and task-contingent rewards typically undermine intrinsic motivation, unexpected rewards, verbal rewards and positive feedback, and task-noncontingent rewards promote intrinsic motivation (Evertson & Weinstein 2006) . Lepper, Keavney & Drake, (1996) summarized that extrinsic rewards indicating success and/or increasing feeling of competence could strengthen intrinsic motivation with those providing constraints or social controls having reducing effects on intrinsic motivation. Similarly, Deci (1980) identified the two opposite functions as two elements of extrinsic reward: the informational aspect and the controlling aspect. According to him, the informational aspect enhances intrinsic motivation and the controlling aspect leads to a decrease in intrinsic motivation (also see Bolt & Myers 1984) . Baker, Dreher & Guthrie (2000) suggested that maintaining a balanced perspective on this debate perhaps is the best way to resolve the problem. Lepper & Henderlong (2000) also pointed out that people can be high in both or low in both motivations, not just high in one and low in the other. In brief, the two can and do coexist with one another, and furthermore, they could complementarily influence behavior.
Besides the multidimensional and complex nature of motivation, culture difference is another crucial factor in the field. For instance, Ng (2003) attributed the motivation differences related to the Asian societies to their collectivist cultures and the associated schooling practices. In particular, parents and school teachers in Asia generally believe that "learning cannot be separated from achievement" and "learning and achievement are social obligations". Ng argued that such cultural influences resulted in the continuous emphasis on performance goals; correspondingly, learning for personal interest, enjoyment, and improvement was less treasured. Similarly, Markus & Kitayama (1991) argued that Asian individuals tended to derive their motivations from what benefits others and a group as a whole, while people in Western cultures tended to have self-benefiting motivations. Responsibility to the family and meeting family expectations are salient in self processes from Asian cultural settings (Walker & Debus, 2002) . Pertaining to the subject of mathematics, Leung (2001) maintained that educators in the West place a high value on intrinsic motivation in learning but regard extrinsic motivation (such as pressure from examination) as a harmful source, which, however, is acceptable in the East Asian countries. In this sense, without taking this vital factor into account, one could hardly understand why East Asian students have consistently outperformed academically their counterparts around the world in international comparison studies but always reported their motivation at a lower level (e.g. Programme for International Student Assessment, Trends in International Mathematics and Science Studies (TIMSS)).
Using the TIMSS 2003 mathematics data, this study scrutinized the relationship between intrinsic and extrinsic motivation and how the two collectively affect students' academic outcomes in East Asian education systems. To identify the possible characters peculiar to East Asian culture, data from four Western systems (i.e. Australia, England, The Netherlands, and the USA) were included in the analysis as a reference. These systems are included in the analysis not only because they are all typically Western ones but also because the curricula in these countries have great impact on the East Asian mathematics curricula.
RESEARCH METHODS

Students
The data for this study were taken from the TIMSS 2003 eighth grade mathematics study. About 49 education systems around the world participated in the TIMSS 2003, and nine of them were included in the current study: Five were from East Asia (i.e. Hong Kong SAR, Japan, Republic of Korea, Singapore, and Chinese Taipei) and the other four were Western countries including Australia, England, The Netherlands, and the USA. In all, there were 4,972 students from the Hong Kong sample, 4,856 from Japan, 5,309 from Korea, 6,018 from Singapore, 5,379 from Chinese Taipei, 4,791 from Australia, 2,830 from England, 3,065 from The Netherlands, and 8,912 from the USA.
Measures
The TIMSS 2003 instrument consists of tests of students' achievements in mathematics and science, along with background questionnaires for students, teachers, and principals. The background information allows cross-national comparison of educational contexts so as to investigate the differences existed in students' academic performance. The focus of this study is about students' motivational factors, and the relevant information was solely taken from the student background questionnaire. Though TIMSS was not specifically designed to address motivation issues, pertaining to the subject of mathematics, there were seven relevant items asking about students' enjoyment and value in learning the subject. In particular, one item measured whether students experienced pleasure from learning mathematics (BSBMTENJ), two related to students' preference for mathematics in future study (BSBMTMOR) and job (BSBMAJOB), and the other four were about students' perception of the usefulness of mathematics (BSBMAHDL, BSBMAOSS, BSBMAUNI, and BSBMA-GET; a list of all the items is included in the "Appendix"). In the TIMSS questionnaire, students were asked to rate their motivation level on a fourpoint Likert scale ranging from 1 (strongly agree) to 4 (strongly disagree).
In the TIMSS mathematics assessment, each student was randomly assigned with one out of 12 booklets containing only a part of the assessment item pool. The raw test scores thus are not comparable across students. To resolve the problem, TIMSS used multiple imputation approach to generate proficiency scores in mathematics for all students, which represent an estimation of each student's performance if he/she had actually answered all items (Gonzalez, Galia & Li, 2004) . As a result, five plausible values were produced for each student, and all of them were used in the current study to calculate parameter estimates.
Data Processing and Analysis
Principal component factor analysis 1 was first performed to determine whether the seven motivational items could be explained by a smaller number of underlying factors. Promax rotation was used to decide whether the factor structures were correlated or independent. To assess the internal consistency of the factors, Cronbach's alpha coefficients were calculated. All these analyses were performed on the weighted data (i.e. TOTWGT as the weighting variable) so as to ensure that the various subgroups that constitute each education system's sample are properly and proportionally represented in the computation of population estimated for that system (Foy & Joncas, 2004) . Based on the factor model, composite scores were created for the followed up analyses.
For each education system, descriptive analysis on individual motivation items and motivational factors was first carried out. Possible cross-system differences were investigated via a series of t tests. Effect sizes of the differences were reported when the discrepancies were found at a statistically significant level. After this, the differences between different motivational factors within and across systems were examined. Lastly, in order to determine the effects of the different motivational factors on students' achievement results, correlations among those factors and mathematics achievement followed by regression analyses were conducted. To facilitate the interpretation of the analysis results, the scales were reversed in an ascending order in correlation analysis and regression analysis. All the analyses were conducted using SPSS and AM software, a statistical software package used to examine large data sets with complex sampling designs such as the TIMSS (Cohen, 2005) .
RESULTS AND DISCUSSION
Factor and Item Analysis
In order to determine the factor structure of the motivation scale in the TIMSS, the seven relevant items were analyzed using principal component factor analysis. Kaiser-Meyer-Olkin measure of sampling adequacy of 0.82 and a significant Bartlett's test of sphericity first suggested that the data set was well suited for the analysis. As a result, two factors emerged with eigenvalues over one (explaining 48.88% and 15.13% of the variance), and all the items had primary loadings over 0.45 with one item having a cross-loading above 0.40 (BSBMAJOB). The result is somewhat expected as both BSBMAJOB and BSBMAGET assess students' perceptions about their future job, and furthermore, the two items had a moderate correlation (r = 0.56).
In order to identify which underlying attributes the two job-related items actually belonged to, two follow-up factor analyses were carried out; in particular, BSBMAGET was removed in the first analysis, and BSBMAJOB was excluded in the second one. The results are presented in Table 1 , which illustrated a clearer factor structure of the seven motivation items. It can be seen that BSBMAJOB together with BSBMTMOR and BSBMTENJ formed factor 1, which was related to students' enjoyment and preference for mathematics, and it was thus named pleasure-oriented motivation (PLM), similar to Lindenberg's (2001) enjoyment-based intrinsic motivation. The other four items, including BSBMAGET, were under factor 2, and all of the items were about students' perceptions of the usefulness of learning mathematics. Correspondingly, factor 2 was named productivity-oriented motivation (PRM) in this study (i.e. learning for utilitarian purposes), similar to Deci & Ryan's (1985) identified regulation in extrinsic motivation. The two component correlation matrices showed a moderate inter-item correlation between the two factors, which indicates the appropriateness of using promax rotation in the factor analysis. The Cronbach's alpha values for the two factors were 0.77 and 0.76, respectively, and this further signifies adequate internal consistency. Table 2 presents the weighted descriptive statistics of students' responses to individual motivational items as well as the composite scores 2 on the two types of motivation (i.e. PLM and PRM) across the nine educational systems. Due to the fact that the Likert scale in the questionnaire is in a descending order of agreement, a higher score indicates a lower level of motivation. The results showed that students from the USA had the highest level of productivity-oriented motivation, which is significantly higher than that of the students from all the East Asian systems as well as the other three Western ones. In particular, the magnitudes of the differences between the USA and the two Common Interestingly, the students from The Netherlands reported a similar level of PRM as those from Korea, Chinese Taipei, and Japan; either no significant or trivial differences were observed among the four systems.
For pleasure-oriented motivation, Singaporean students reported the highest level followed by the US students, and the difference between the two systems is about small in terms of effect size (d = 0.37). Compared to PRM, the differences in PLM between the USA and the other seven systems are smaller, and the magnitudes are mostly about small (i.e. d G 0.50). Only the students from Korea and The Netherlands showed a slightly lower level of PLM, and their differences from the US peers were about medium size (USA-Korea: d = 0.58; USA-The Netherlands:
Within the five East Asia education systems, the students from Singapore and Hong Kong illustrated a higher level of similarity compared to the other three. In fact, the difference in PLM between the two systems is about small in terms of effect size (d = 0.45), whereas the corresponding differences between Singapore and the other three East Asian systems are about medium (Singapore-Taiwan: d = 0.74; SingaporeJapan: d = 0.77) or large (Singapore-Korea: d = 0.90). Though the difference in PRM between Singapore and Hong Kong is comparatively larger than that in PLM (d = 0.64), the discrepancy between Singapore and the other three systems is even greater (Singapore-Korea: d = 1.02; Singapore-Taiwan: d = 1.04; Singapore-Japan: d = 1.21). Given the fact that the two systems have many similarities, especially in their historical background and status quo, the results seem understandable and also somehow expected. While both systems receive deep impact of the Western cultural influences, traditional eastern cultures are still thriving. Such a fusion of the two seemingly conflicting types of culture actually makes the two systems unique in the region in many other aspects as well.
Among the four PRM items, the item on the importance of mathematics for getting a desired job (BSBMAGET) received least agreement, which occurred in all the nine educational systems. It may be related to the fact that the participating students were at the lower secondary level (i.e. grade 8) so that getting a job was a farther target than entering a preferred university. As revealed in Table 2 , students from five out of the nine systems had the highest agreement on the relevant item (i.e. BSBMAUNI). Consistently, students from the five East Asian systems and the USA also had the least agreement on the statement about job involving mathematics among the three PLM items (i.e. BSBMA-JOB). The Dutch students were the only group who had a higher agreement on this item than the other PLM items. In addition, it is interesting that the students from both Hong Kong and Chinese Taipei had more agreement on the item about the usefulness of mathematics in their daily life than getting into university, which was also found in the two Commonwealth systems.
Comparing the two types of motivation, the analysis showed that students from all the nine educational systems had significantly higher level of agreement on the statements related to the utilitarian one. The corresponding difference is much greater in the Western systems than the East Asian ones. In particular, except for Korea (d = 1.02), the magnitude of the differences in the other four East Asian systems is about medium (Hong Kong: d = 0.77; Japan: d = 0.75; Singapore: d = 0.70; Taiwan: d = 0.71), and the magnitude in all the four Western systems is large (Australia: d = 1.02; England: d = 1.17; The Netherlands: d = 1.13; USA: d = 1.11). Furthermore, the data showed that more than 70% of the students in all the systems had a higher level of PRM than that of PLM, and the percentages in Korea and the four Western systems were even higher than 83%.
Relationships Among Pleasure-Oriented Motivation, ProductivityOriented Motivation, and Mathematics Achievement
In the literature, researchers often found that externally oriented motivation correlated to internally oriented motivation in a negative manner. Some researchers even argued that extrinsic motivation had an undermining effect on intrinsic motivation. However, as discussed earlier, extrinsic motivation is a complex process, which comprises various types. Different types of extrinsic motivation could have different relationship with intrinsic motivation. For instance, Lepper et al. (1996) suggested that extrinsic motivation promoting success and competence would enhance intrinsic motivation, but those providing constrains or controls diminish intrinsic motivation. Table 3 clearly reveals a moderate positive correlation between PLM and PRM, which occurs in all the nine educational systems. This finding supports Lepper et al.'s argument as the four PRM items measured in the TIMSS 2003 are about students' perception of utility value of learning mathematics, which could promote one's feeling of success and/or competence rather than giving constraints. According to Deci & Ryan (1991) , though this type of motivation is externally oriented, it is more autonomous or self-determined as with this type of motivation, one experiences a sense of direction and purpose instead of constraints or pressures. Such choices and opportunities for self-direction were found to enhance internally oriented motivation because they bring people a greater feeling of autonomy (e.g. Deci & Ryan, 1985 .
In most cases, while both types of motivation show positive correlations with students' mathematics achievement, the associations are relatively weak, especially for the Western samples. Between the two motivational indicators, PLM has stronger association with students' achievement than PRM. In Singapore, Australia, England, and the USA, the differences are more than twice. Moreover, in The Netherlands, the two types of motivation even show an opposite correlation with mathematics achievement.
When examining the correlation between students' mathematics achievement and individual PLM items, it is interesting to find that for all the five East Asian systems and Australia, the item about enjoyment (BSBMTENJ) demonstrated the strongest correlation with achievement but weakest in the USA. The corresponding magnitude was about twice (Hong Kong: r = 0.32, Japan: r = 0.31; Singapore: r = 0.28; Australia: r = 0.22) or thrice (Korea: r = 0.40; Taiwan: r = 0.46) of that for the US sample (r = 0.13). Regarding the England and The Netherlands data, the differences were even greater (England: r = 0.10; The Netherlands: r = 0.04). For the England, The Netherlands, and the US data, the item related to having a job involving mathematics showed the highest correlation with academic achievement, though the absolute values were generally lower than those in the East Asian systems and Australia. Among the four PRM items, the one related to getting into university had the strongest correlation with students' mathematics achievement in all the systems but England and The Netherlands. In particular, the data from Korea (r = 0.31) and Chinese Taipei (r = 0.29) demonstrated the greatest association. On the other hand, the motivation indicator about the usefulness of mathematics for daily life showed a rather weak association with students' achievement, and in most systems, it was the weakest one. Moreover, in all the Western systems but Australia, there was a negative correlation on this item. Interestingly, while the students from Hong Kong and Chinese Taipei had a higher level of agreement on this motivation indicator than the other three East Asian systems, the corresponding correlation in the two systems was also stronger than that in the rest of the systems.
Influences of Pleasure-Oriented Motivation and Productivity-Oriented Motivation on Mathematics Achievement
The regression analyses revealed that both motivational factors accounted for significant but a small percentage of the variance in students' mathematics achievement. Among the nine educational systems, the influences from PLM and PRM were most obvious for Chinese Taipei (R 2 = 0.16) and Korea (R 2 = 0.15) but least for the USA (R 2 = 0.03; see Table 4 ). The general low R-squared values indicate that motivation is just one of the many factors which influence students' learning process as well as their learning outcome, and similar arguments were echoed in the literature (e.g. Broussard, 2002; Li & Pan, 2009; Lim & Yeon, 2009; Rose, 2007; Wright, 2004) . On the other hand, Wittink (1998) suggested that one should focus on the precision of the slope coefficients if the main purpose is to understand the relationship between variables.
In general, both types of motivation demonstrated positive influences on East Asian students' achievement except for Singapore, as revealed in Table 4 . For all the four Western systems, when both pleasure-oriented and productivity-oriented motivations were included in the model, the latter showed a negative impact, and in three systems, such an impact reached a statistically significant level. The results seem to suggest that the two types of motivation could and did contribute to students' achievement in an additive fashion in the East Asian educational systems. Though there was a negative influence from PRM found in the Singapore data, its magnitude was not statistically significant. In other words, when both types of motivation influenced Singapore students' mathematics achievement, the impact of PRM was trivial. Similar results also applied to the England data. However, in the other three Western systems, PRM appeared to have a detrimental effect, and the influence was particularly strong in The Netherlands.
The results showed that pleasure-oriented motivation played a strongly positive role in students' achievement among all the nine educational systems, which is consistent with what the literature has suggested. The influence appeared the strongest in Chinese Taipei; in particular, a student's mathematics achievement can be enhanced by about 49 points for every increment of one level higher in PLM. With respect to the intercept, the increment is about 6.7%. That is to say, when a student in Chinese Taipei had one level higher in PLM, his/her mathematics achievement could generally be enhanced by 6.7%. Similarly, the improvement in Korea is about 40 points (5.5%). The change for England (2.4%), Netherlands (3.0%), and US students (3.3%) is only about half of what Chinese Taipei students have. Moreover, all these increments are statistically significant at the 0.001 level.
In all the nine educational systems but The Netherlands, the influence of productivity-oriented motivation on students' mathematics achievement is much smaller than that of pleasure-oriented motivation. The data showed that the students from Korea and Hong Kong received greatest benefits from a higher level of PRM for their achievement. In particular, the students from the two systems could achieve nearly 2% more of score PLM stands for pleasure-oriented motivation, PRM stands for productivity-oriented motivation *p G 0.05; **p G 0.01; ***p G 0.001; ****p G 0.10 points with one level higher in PRM. In contrast, students from The Netherlands achieved about 4% less of mathematics score points and such a decline was significant at the 0.001 level. In both Australia and the USA, the decrement was around 1%, which also reached a significant level (see Table 4 ). In sum, pleasure-oriented motivation (as one dimension of intrinsic motivation) was a far stronger motivator than productivity-oriented motivation (as one dimension of extrinsic motivation) in affecting students' mathematics achievement. In East Asian educational systems, both types of motivation seemed to function synergistically and their combination tended to produce a higher level of overall motivation, which is not the case in the west.
CONCLUSIONS AND IMPLICATIONS
Using the TIMSS 2003 data, this study examined students' pleasure-oriented and productivity-oriented motivation level pertaining to mathematics learning and the influence of the two types of motivation on students' performance in mathematics assessment at the eighth grade level in five East Asian educational systems and four Western ones. It was found that the students from all the nine systems had significantly higher level of agreement on the externally oriented motivation than the internally oriented one. The magnitude of the differences between the two types of motivation was generally medium in East Asian systems and large in the west. It suggests that the students valued the usefulness of mathematics more than enjoying its learning as an inner force. This result is not a surprise and many researchers have consistently reported that students' enjoyment level in studying mathematics was generally low at the secondary level. For instance, Macnad & Payne's (2003) survey asked all students in Scotland completing teacher education courses for teaching in primary schools (i.e. in the last year of the 4-year Bachelor of Education (BEd) course or in the 1-year Post-graduate Certificate of Education (Primary) course) together with those in the first year of the BEd course to compare their feelings about mathematics when they were at the primary, secondary, and tertiary levels. It was found that across the three school levels, these student teachers felt that mathematics at the secondary level was least interesting and fun. Comparatively, the student teachers' perceptions about the usefulness of mathematics had not much difference between the primary and secondary levels and more agreement was revealed at the tertiary level.
In general, the US students showed higher motivation level than East Asian students with the only exception of Singapore. Hong Kong students' motivation level is more similar to those from the two Commonwealth systems. The other three East Asian systems are more alike with each other. The distinctive blend of East and West could be one important factor which makes Singapore and Hong Kong maintain the Eastern cultural identity while demonstrating some Western characters.
The study showed that the two types of motivation have a moderate positive association. As discussed earlier, the items included in the TIMSS 2003 related to extrinsic motivation are about students' perceptions of the usefulness of mathematics. It is close to Ryan and Deci's so-called identified regulation, and they argued that this dimension of extrinsic motivation is nearer to intrinsic motivation in the autonomy continuum. The positive correlation suggests that when students appreciate the value of mathematics, such a motivation as an external stimulator could enhance the overall learning motivation level. In fact, such a pattern was found in all the nine educational systems.
It was revealed that in eight out of the nine education systems, both pleasure-oriented and productivity-oriented motivations are associated with students' mathematics test scores in a positive manner, though the relevant magnitudes are small in general. Comparatively, the correlation with PLM is much stronger than that with PRM. Many research studies have consistently found that internally oriented motivation is more powerful and effective than externally oriented one, especially in long-period learning. Deci (1980) argued that people desired to be the causal agents of their own behaviors rather than being controlled by the environment. In other words, the desire for personal causation allows one to act, instead of reacting. This, however, does not mean ruling out externally oriented motivation, but the balance might swing more toward the internally oriented end. As shown in this study, productivity-oriented motivation also made valuable contribution to students' academic performance.
The regression analyses gave us a clearer idea on how the two types of motivation influence students' mathematics achievement collaboratively. Though the two motivational factors together only account for around 10% of variance in students' final scores, they in most cases demonstrated statistically significant impacts. In particular, students with higher level of pleasure-oriented motivation tended to have significantly better achievement in mathematics in all the nine education systems. The data showed that students from East Asian systems generally received greater benefits from a higher level of PLM than their Western counterparts. In this aspect, students from Chinese Taipei seemed to gain the most achievement increment (i.e. 6.7%), followed by Korean students (i.e. 5.5%), and less than half of the potential increment was found in the England sample (i.e. 2.4%).
It is found that the impact of productivity-oriented motivation on students' achievement is weaker than that from pleasure-oriented motivation when both types of motivation are taken into account. The greatest influence was observed in Hong Kong followed by Korea; students from the two systems could receive nearly 2% increment in their achievement with one level higher of PRM. For Singapore and all the four Western samples, a negative impact was found, with the corresponding magnitude in Australia, The Netherlands, and the USA being statistically significant. With this finding, it is not a surprise that educators in the West advocate more of the role of internally oriented motivation in students' learning but deemphasize that of externally oriented motivation. In contrast, while appreciating the importance of intrinsic motivations, educators in East Asia also highly promoted extrinsic motivation. Leung (2001) suggested that such a difference could be related to the fact that people from the East and West had different views on the nature of human beings. According to Leung, East Asians believe that human beings need some "push" in learning, and therefore, providing an optimal level of pressure could well direct students' energy and attention to study. In contrast, Westerners see human beings in a more positive way; they believe that it is enough to arouse students' interest for them to be initiated to learn.
Such differences in cultural belief are also reflected in other aspects in mathematics education. For instance, researchers found that there was an obvious difference in the choice of content in textbooks between East Asia and the West. In particular, students in East Asia are expected to follow the same curriculum and to learn the same content, whereas a variety of curricula are often available to cater for students' different interests and needs in the West. Park & Leung (2006) argued that it somehow reflected a deeper philosophical difference between the two cultures: "social orientation" versus "individual orientation". That is, the East Asian culture believes in orthodoxy but in the Western culture the individual is of paramount importance. Under the influence of "social orientation" philosophy, students in East Asia are further typically expected to put in hard work and perseverance in learning so as to achieve high scores in examinations as well as bring honors to their family (Hwang, cited in Leu & Wu 2006) . Teachers there are in turn expected to attain competence in mathematics in order to become experts or models in the field (Park & Leung 2006 ). Cai's (2006) US-China comparison found that the difference in cultural values also appeared to affect teachers' scoring practices, that is, while the US teachers tended to give students full credit as long as students can solve problems using whatever viable strategies available, the Chinese teachers chose to deduct points for less desirable solutions or written formats in order to help students form good habits.
In fact, the influence of culture on learning and motivation has been recognized by many education and psychology researchers in recent years (Salili & Hoosain, 2007) . As Hernandez & Iyengar (2001) proposed, people are motivated only when the contexts fostered a perception consistent with their culturally related values or beliefs. Therefore, it is important to take the effects of cultural values, norms, and practices into account when applying operation and effects of academic motivation to students from different cultures (Ng, 2003; Trueba, 1988) . Otherwise, we may be misguided by studies solely based on Western theories or concepts and motivate students in East Asia in a culturally inappropriate manner and vice versa. From the current study, it appears that while a higher level of productivity-oriented motivation demonstrates a detrimental effect on the Western students' mathematics learning, utilizing both internally oriented (e.g. pleasure-oriented) and externally oriented (e.g. productivity-oriented) motivation in promoting students' learning is a more effective way for East Asian students than only focusing on either type of motivation.
Lastly, the present analysis was conducted at the system level, and it would be interesting to further investigate the similarities and differences within individual systems, though this is beyond the scope of the current study. Different types of motivation may work differently for students with different achievement level, gender, inclination, etc. within the same system. Through both cross-system and within-system analyses, the influences of different types of motivation on student achievement, as well as the intricate relation between those influences and the underlying cultural values, will be made clear. This will help dispel any simplistic conclusions about the influence of student motivation on achievement. Open Access This article is distributed under the terms of the Creative Commons Attribution Noncommercial License which permits any noncommercial use, distribution, and reproduction in any medium, provided the original author(s) and source are credited.
